* 

r 



PUB-NO: WO009916070A1 
DOCUMENT-IDENTIFIER: WO 991 6070 A1 
TITLE: DISK DRIVE 

PUBN-DATE: April 1, 1999 



INVENTOR-INFORMATION: 
NAME COUNTRY 

MASAKI, KIYOSHI JP 

MIHARA, KAZUHIRO JP 

YOSHIDA, SHUICHI JP 

NAKA, TERUYUKI JP 

FUKUYAMA, SACHIO JP 

URAYAMA, NORIAKI JP 

KIKUGAWA, MASAAKI JP 

MARUOKA, MAKOTO JP 

OBAYASHI, SHINICHIRO JP 



ASSIGNEE-INFORMATION: 

NAME COUNTRY 
MATSUSHITA ELECTRIC IND CO LTD JP 

MASAKI KIYOSHI JP 

MIHARA KAZUHIRO JP 

YOSHIDA SHUICHI JP 

NAKA TERUYUKI JP 

FUKUYAMA SACHIO JP 

URAYAMA NORIAKI JP 

KIKUGAWA MASAAKI JP 

MARUOKA MAKOTO JP 

OBAYASHI SHINICHIRO JP 



APPL-NO: JP09804253 
APPL-DATE: September 21 , 1 998 



PRIORITY-DATA: JP26010197A ( September 25, 1997) , JP34416097A ( November 27, 
1997) , JP26725098A ( September 3, 1998) 

INT-CL(IPC): G11B019/20 . G11B017/028 

EUR-CL (EPC): F16F015/36 ; G11B019/20, G11B033/08 



ABSTRACT: 

CHG DATE= 19990905 STATUS=0>A disk drive for high speed transfer wherein 
undesired vibration due to unbalance of a disk is suppressed. A balancer is 
constructed by accommodating a predetermined number of spherical bodies in an 
annular track having a predetermined shape and is rotatable integrally and 
coaxially with the disk . The annular track of the balancer is divided into 
sections by partitions so that balls acting as balancing members are movably 
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arranged in the sections. The disk is clamped on both or one side by four or 
more projections or a rubber sheet. 
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(54) Self-compensating dynamic balancer apparatus for a disk player 



(57) A disk player having a self-compensating dy- 
namic balancer (400) which can limit internal vibrations 
generated by an eccentric center of gravity of a disk, 
and a turntable (200), a clamper (300) and a spindle mo- 
tor (100) which incorporate the self-compensating dy- 
namic balancer (400), are disclosed. The self-compen- 
sating dynamic balancer (400) includes at least one race 
(450) which is integrally formed with members 
(100,200,300) of the disk player, and a mobile unit in- 



cluding a plurality of rigid bodies (430) and/or a fluid 
(440) is located in the race (450) to be capable of mov- 
ing, and a cover member (413) to cover an opening of 
the race. Thus, internal vibrations occurring due to an 
eccentric center of gravity of a disk (1 ) can be effectively 
limited by the self-compensating dynamic balancer 
(400) in which the mobile unit (420) is to move away 
from the center of orbital rotation by a centrifugal force 
during rotation thereof. 
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Description 

The present invention relates generally to the field 
of disk players, such as for a compact disc or a CD- 
ROM. More particularly, the invention relates to a sefl- 
compensating dynamic balancer for restricting internal 
vibrations generated due to an eccentric center of grav- 
ity of a disk. Particular embodiments of the invention re- 
late to a disk player having a turntable incorporating the 
self-compensating dynamic balancer, a clamper incor- 
porating the self-compensating dynamic balancer and/ 
or a spindle motor incorporating the self-compensating 
dynamic balancer. 

In general, a disk player records and/or reads infor- 
mation onto and/or from a recording medium such as a 
compact disk (CD), a CD-ROM or a digital versatile disk 
(DVD). Due to its sensitivity, the disk player is desired 
to protect the disk and optical pickup from external im- 
pacts and internal vibrations. 

A typical disk player, as shown in FIG. 1, includes 
a deck base 10 hingedly-coupled to a housing (not 
shown) so as to be capable of rotating in a vertical plane, 
a deck plate 20 coupled to the deck base 10, a spindle 
motor 21 located on the deck plate 20 for providing a 
rotational force to a disk 1, a turntable 23 coupled to a 
rotational shaft 22 of the spindle motor 21 for accommo- 
dating the disk 1, a clamper 40 installed on the inner 
surface of the upper portion of the housing to face the 
turntable 23 for securing the disk 1 placed on the turn- 
table 23, and an optical pickup 25 coupled to the deck 
plate 30 so as to be capable ol moving across the disk 
1 for performing recording and reproduction operations. 
The disk player includes buffering members 30 dis- 
posed between the deck base 10 and the deck plate 20 
to inhibit any external vibrations transferred through the 
deck base 10 from being transferred directly to the deck 
plate 20, the spindle motor 21 and the optical pickup 25. 
The buffering member 30 is formed of a material such 
as soft rubber or polyurethane which can absorb exter- 
nal impacts. 

The disk player adopting the buffering member 30 
as above can effectively protect the driving of the disk 
1 and the optical pickup 25 from external impacts. How- 
ever, the dampening internal vibrations generated by 
the rotation of the spindle motor 21 due to an eccentric 
center of gravity of the disk is not taken into considera- 
tion. Commonly, an eccentric center of gravity of the disk 
is caused by a discrepancy between the rotational cent- 
er of the disk and the center of gravity of the disk due to 
errors in the manufacturing process of the disk. Thus, 
the rotational shaft of the spindle motor 21 revolves be- 
cause of whirling i.e. is caused to move in a horizontal 
plane so as to orbit its normal axis ol rotation. 

Such orbital movement of the rotational shaft of the 
spindle motor does not effect a low-speed disk player 
such as a 1 X or 2X type. However, in the case of a high- 
speed model such as a 6X, 8X, 12X, 20X or 24X type, 
the effects of movement of the spindle motor become 



serious making recording/reproducing of information 
difficult. 

To overcome the above problems, in a conventional 
high-speed disk player the mass of the deck plate 
s where the spindle motor is installed is increased or the 
rigidity of the buffering member is increased to reduce 
movements of the deck plate due to the eccentric center 
of gravity of the disk. 

However, increasing the mass the deck plate is not 
appropriate for a high speed rotation. Also, the costs of 
the product increase and miniaturization of the product 
is hindered. Further, when the rigidity of the buffering 
member is increased, it is not possible to effectively 
dampen the external impacts or vibrations. 

To solve the above problems, it is an aim of pre- 
ferred embodiments of the present invention to provide 
a disk player in which external vibrations can be reduced 
and also internal vibrations generated due to an eccen- 
tric center of gravity of a disk can be limited. A further 
preferred aim is to achieve such limitation of internal and 
external vibrations without causing an increase in 
weight of the disk player. 

According to a first aspect of the present invention 
there is provided a self -compensating dynamic balancer 
apparatus for a disk player having rotational compo- 
nents for rotating a disk about a rotational axis to record 
and reproduce information Irom the disk, said apparatus 
characterised by : 

a self-compensating dynamic balancer beatable 
co-axial with said rotational axis to rotate in use with at 
least one of said rotational components, said self-com- 
pensating dynamic balancer comprising a mobile unit 
arranged to be moved by centrifugal force generated by 
rotation of said disk such that the centre of gravity of 
said self -compensating dynamic balancer moves to be 
located opposite to the centre of gravity of said disk with 
respect to said rotational axis. 

The apparatus may be provided integral with one or 
more of a turntable, a clamper, or a spindle motor of a 
disk player. 

According to a second aspect of the present inven- 
tion there is provided a disk player comprising: 

a deck base; 

a deck plate elastically coupled to said deck base; 
a buffering member interposed between said deck 
base and said deck plate for protecting said deck 
plate from external impacts; 
a spindle motor arranged on said deck plate for pror 
viding a rotational force to a disk; 
a turntable arranged on a rotation shaft of said spin- 
dle motor for accommodating the disk; 
a clamper for holding the disk in place on said turn- 
table; 

an optical pickup coupled to said deck plate and ca- 
pable of moving across the disk; and 
a self-compensating dynamic balancer coupled to 
at least one among members which are rotated by 
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the rotational force provided by said spindle motor, 
the center ot gravity thereot being located opposite 
to that of said disk with respect to the rotation shaft 
ol said spindle motor by the centrifugal force gen- 
erated during rotation of said disk. s 

For a better understanding of the invention, and to 
show how embodiments of the same may be carried into 
effect, reference will now be made, by way of example, 
to the accompanying diagrammatic drawings, in which: io 

Figure 1 is an exploded perspective view schemat- 
. ically illustrating a conventional disk player; 

Figure 2 is an exploded perspective view illustrating 15 
a disk player according to an embodiment of the 
present invention; 

Figures 3A through 3C are diagrams showing the 
relationship between an eccentric center of gravity 20 
position of a disk, the position of a rotation shaft and 
the center of rotation respectively according to dif- 
ferent rotation speeds of the disk; 

Figure 4 is a perspective view illustrating a first em- 2s 
bodiment ol a self-compensating dynamic balanc- 
er; 

Figure 5 is a cross sectional view of the self-com- 
pensating dynamic balancer shown in Figure 4 30 
when a rigid body is used as a mobile unit; 

Figure 6 is a cross sectional view of the self -com- 
pensating dynamic balancer shown in Figure 4 
when a rigid body and a fluid are used as the mobile 3S 
unit; 

Figures 7 and 8 are cross sectional views of self- 
compensating dynamic balancers including first 
and second races, respectively; 40 

Figures 9 through 12 are cutaway perspective 
views schematically illustrating the shapes of a rigid 
body which is used as the mobile unit for the self- 
compensating dynamic balancer; <s 

Figures 1 3 through 1 6 are sectional views schemat- 
ically illustrating the race and a cover member of 
the self-compensating dynamic balancer; 

so 

Figure 17 is a sectional view illustrating a second 
embodiment of a self -compensating dynamic bal- 
ancer; 



ing a turntable incorporating the first embodiment 
of the self-compensating dynamic balancer; 

Figure 20 is a sectional view of the turntable incor- 
porating a self-compensating dynamic balancer 
shown in Figure 1 9 when a rigid body and a fluid 
are employed as a mobile unit of the self-compen- 
sating dynamic balancer; 

Figure 2 1 is a sectional view showing a second em- 
bodiment of a turntable incorporating a sett-com- 
pensating dynamic balancer; 

Figure 22 is an exploded perspective view of a first 
embodiment of a clamper incorporating a self-com- 
pensating dynamic balancer; 

Figure 23 is a sectional view of the clamper incor- 
porating a self-compensating dynamic balancer 
shown Figure 22 when a yoke is employed as a 
pressing unit; 

Figure 24 is a sectional view of the clamper incor- 
porating a self-compensating dynamic balancer 
shown Figure 22 when a pressing plate and an elas- 
tic member are employed as a pressing unit; 

Figure 25 is a sectional view of the clamper incor- 
porating a self -compensating dynamic balancer 
shown Figure 22 when a rigid body and a fluid are 
employed as a mobile unit; 

Figure 26 is a sectional view showing a second em- 
bodiment of a clamper incorporating a self -compen- 
sating dynamic balancer; 

Figure 27 is an exploded perspective view of a first 
embodiment of a spindle motor incorporating a self- 
compensating dynamic balancer; 

Figure 28 is a sectional view of the spindle motor 
incorporating a self -compensating dynamic balanc- 
er shown Figure 27 when a rigid body is employed 
as a mobile unit; 

Figure 29 is a sectional view of the spindle motor 
incorporating a self-compensating dynamic balanc- 
er shown Figure 27 when a rigid body and a fluid 
are employed as a mobile unit; 

Figure 30 is an exploded perspective view of a sec- 
ond embodiment of a spindle motor incorporating a 
self -compensating dynamic balancer; and 



Figure 18 is a sectional view taken along line A-A 
of Figure 17; 

Figure 19 is an exploded perspective view illustrat- 



es Figures 31 A and 31 B are diagrams showing the re- 
lationship between the eccentric center of gravity 
position of a disk, the position of the rotation shaft 
and the ideal center of rotation respectively accord- 
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ing to different rotation speeds of the disk of the disk 
player haying a self -compensating dynamic balanc- 
er. 

As shown in Figure 2, the disk player according to 
a preferred embodiment of the present invention com- 
prises a deck base 50, a deck plate 70 elastically cou- 
pled to the deck base 50, a buffering member 60 inter- 
posed between the deck base 50 and the deck plate 70, 
a spindle motgxlQQjnstalled at the deck plate 70, a turn- 
table 200 and an optical pickup 75, a clamper 300 i n- 
stallecHo face the turntable 200 for holding a disk 1 
placed on the turntable 200, and a self-compensating 
dynamic balancer^Qkfor preventing eccentric rotation 
of a rotation shaft 130 of the spindle motor 100 due to 
an eccentric center of gravity of the disk 1. 

The deck plate 70 receives externally delivered im- 
pacts through the deck base 50 which are alleviated by 
the buffering member 60. Accordingly, it is preferable 
that the buffering member 60 is formed of material ex- 
hibiting low rigidity such as soft rubber or polyurethane 
in order to alleviate external vibrations delivered from 
the deck base 50. Also, the deck plate 70 is preferably 
light for realizing miniaturization thereof. The spindle 
motor 100 provides a rotational force to rotate the disk 
1 . The center of the turntable 200 is fixed to the rotation 
shaft 1 30 and the disk 1 is placed on the upper surface 
of the turntable 200 during operation. The clamper 300 
facing the spindle motor 100 prevents unnecessary 
movements of the disk 1 placed on the spindle motor 
100. The turntable 200 is fixed to the rotation shaft 1 30 
.and rotated according to the spindle motor 100. Thus, 
the disk 1 and the clamper 300 rotate together. 

Referring to Figures 3A through 3C, the relationship 
between the eccentric center of gravity position of a disk, 
the position of the rotation shaft and the ideal center of 
rotation according to the rotation speed of the disk will 
now be described. 

Figure 3A is a diagram schematically showing the 
orbital and rotational movements of the disk when the 
rate of orbital rotation of the spindle motor is equal to or 
less than the natural frequency of the deck plate. Here, 
the natural frequency is determined by the elastic mod- 
ulus of the buffering member and mass of the deck plate 
and other elements to be installed on the deck plate, 
and represents the rate of vibration in a horizontal direc- 
tion, i.e., in a direction parallel to the plane of the disk. 
As shown in the drawing, when an eccentric center of 
gravity m e , exists at a position spaced apart by a pre- 
determined distance from the ideal rotation center ^ of 
the disk 1 , the ideal rotation center of the disk rotates 
around a center c, moving to positions c^, C3 and c 4 . The 
positions of the eccentric center of gravity nr^ of the disk 
corresponding to each of the ideal rotation center posi- 
tions C2, c 3 and c 4 respectively are p 2 , p 3 and p 4 . In this 
case, the respective positions p,, p 2 , p 3 and p 4 of the 
eccentric center o1 gravity m 0 and the revolution center 
c of the disk 1 are located opposite each other with re- 



spect to each of the ideal rotation center positions c lt 
c 2 , c 3 and c 4 of the disk 1 . 

Figure 3B is a diagram schematically showing the 
orbital and rotational movements of the disk when the 
s rate of revolution of the spindle motor is near the natural 
frequency of the deck plate. As shown in the drawing, 
the revolution center c is located in a direction perpen- 
dicular to that of the respective eccentric center of grav- 
ity positions p 1t p 2 , p 3 and p 4 with respect to positions 
10 c^Cs, c 3 and c 4 . 

Figure 3C is a diagram schematically showing the 
orbital and rotational movements of the disk when the 
rate of revolution of the spindle motor is greater than the 
natural frequency of the deck plate, which corresponds 
is to the normal rotation speed of a disk allowing informa- 
tion to be recorded onto or read from the disk. As shown 
in the drawing, the revolution center c is located in the 
same direction as the respective eccentric center of 
gravity positions p v p 2 , p 3 and p 4 with respect to posi- 
tions Ct , c 2 , C3 and c 4 . 

t The self-compensating dynamic balancer (400 of 
Figure 2) is provided to compensate for the eccentricity 
of the disk. The self-compensating dynamic balancer 
400 is incorporated into at least one of the rotor of the 
spindle motor 1 00, the rotational shaft 1 30, the turntable 
200 and the clamper 300 which are rotated by the rota- 
tional force provided from the spindle motor 100. 

As shown in Figure 4, a first embodiment of the self- 
compensating dynamic balancer 400 includes a circular 
tube 410 whose cross-section is rectangular having a 
race 450 and a mobile unit 420m ovably disposed inside 
the race 450. 

The tube 410 includes a main bod y 412 t hrough 
which the race 450 is formed and a cover me mber 413 
for sealing the race 450 in a state in which a mobile unit 
420 is sealed therein. The tube 410 rotates coaxial with 
the rotation shaft 130. 

The coupling between the cover member 413 and 
the main body 412 is made such as by using an adhe- 
sive, by forming a corresponding groove and protrusion 
on the cover member 413 and main body 412 or by a 
screw. The detailed description thereof will be omitted 
since such coupling methods are well known. 

The mobile unit 420 includes a plurality of rigid bod- 
i es 430 and/or a fl uid 440 w hich can move outward from 
truTfotational center by a centrifugal force generated 
during rotation of the tube 410. 

Figure 5 shows the race 450 in which a plurality of 
rigid bodies 430 are included as the mobile unit 420. 
Each rigid body 430 is installed to be capable of freely 
rolling or sliding so that the position thereof can be de- 
termined by the centrifugal force during rotation of the 
tube 410. 

Figure 6 shows the race 450 in which a plurality of 
the rigid bodies 430 and the fluid 440 are included. 

Since the fluid 440 has a large contact area with the 
race 450 and the cover member 41 3 (see Figure 4) and 
exhibits a very high viscosity compared to the rigid body 
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430 only, the fluid 440 employed with the rigid body 430 
in the race 450 can effectively compensate for an inter- 
nal vibratory force generated due to the eccentric center 
of gravity of the disk 1 (see Figure 2). That is, the orbital 
revolution of the rotation shaft 130 due to the eccentric 
center of gravity m 0 of the disk can be roughly balanced 
and reduced by the movements of the rigid bodies 430 
and finely balanced and reduced by the fluid 440. 

Here, the amount of fluid 440 that can be included 
ranges from an amount which coats the outer surface 
of the rigid body 430 to a thickness of only a few microns. 
In this case, the fluid 440 reduces friction between the 
rigid body 430, the race 450 and the cover member 414, 
rather than actually contributing to balancing. 

As shown in Figure 7, the second embodiment of 
the self -compensating dynamic balancer includes first 
and second rectangular cross-sectioned tubes 410a 
and 41 Ob arranged concentric and adjacent to each oth- 
er and first and second mobile units 420a and 420b re- 
spectively disposed inside the first and second tubes 
410a and 410b to be capable of moving. 

The respective first and second tubes 410a and 
410b independently serve as a balancer and can finely 
balance and reduce the orbits of the rotation shaft 430. 
Here, each of the first and second mobile units 420a and 
420b is the same as that of the mobile unit 420 described 
with reference to Figures 5 and 6. 

The first and second tubes 410a and 410b and the 
mobile units 420a and 420b respectively installed there- 
in can be configured as shown in Figure 8. That is, the 
width and height of the first race 450a formed in the first 
tube 410a can be configured different from those of the 
second race 450b formed in the second tube 41 0b. Also, 
the size and density of the first and second mobile units 
420a and 420b located in the first race 450a and the 
second race 450b, respectively, can be made different 
from each other. Again, each of the first and second mo- 
bile units 420a and 420b is the same as the mobile unit 
420 described with reference to Figures 5 and 6. 

When the first race 450a is formed to have a width 
and height greater than the second race 450b and the 
first mobile unit 420a which is heavier than the second 
mobile unit 420b is employed, the first mobile unit 420a 
roughly balances and reduces the orbital rotation of the 
rotation shaft 130 due to the eccentric center of gravity 
m e of the disk 1 and then the second mobile unit 420b 
finely balances and reduced the orbital rotation of the 
rotation shaft 130. 

The self-compensating dynamic balancer de- 
scribed with reference to Figures 7 and 8 can have two 
or more tubes. 

Figures 9 through 11 show different shapes and ar- 
rangements of the rigid body as rigid bodies 430, 430', 
and 430" installed inside the race 450. 

Figure 9 shows a case in which the rigid body 430 
is spherical. 

Figure 10 shows a case in which the rigid body is 
cylindrical. The cylindrical rigid body 430' is formed to 



be capable of rolling with the outer surface of the cylin- 
drical rigid body 430' contacting the inner surfaces of 
the inner and outer walls of the race 450. In this case, 
the upper and tower flat surfaces of the cylindrical rigid 
5 body 430' may slide in contact with the race 450 gener- 
ating friction therebetween. In consideration of the 
above, it is preferable that the race 450 has the shape 
shown in Figure 16 which will be described later. 

Figure 11 shows a case in which the rigid body is a 
'0 truncated conic body 430" which can roll with the outer 
conic surface contacting the bottom surface of the inside 
of the race 450. 

Also, Figure 1 2 shows a case in which the rigid body 
is a fan-shaped block 430 B1 which is inserted to be ca- 
pable of sliding while contacting the bottom surface and 
the outer circumferential surface inside the race 450. 

Also, the shape of the rigid body 430 may be mod- 
ified into other shapes as long as the body can freely 
move inside the race 450. 

Here, when being influenced by a magnetic force, 
there may be a possibility that the rigid body 430 cannot 
roll smoothly due to magnetic attraction. Accordingly, it 
is preferable that the rigid body 430 is formed of a non- 
magnetic substance so that the rigid body 430 is not in- 
fluenced by a magnet (not shown). 

Preferably, the rigid body 430 is formed of tungsten 
carbide (WC), beryllium steel (CuBe), Hastelloy C-276, 
silicon nitride (Si 3 N 4 ), zirconia (Zr0 2 ), austenite-series 
stainless YHD50, a non-magnetic metal such as 
SUS300, SUS304 and SUS316, ceramic or a synthetic 
resin. 

As described above, when the rigid body 430 is 
formed of a non-magnetic substance, the rigid body 430 
is not influenced by a magnetic forces from an adjacent 
magnet. Thus, the rigid body 430 moves dependent only 
upon the position of the eccentric center of gravity of the 
disk 1 (see Figure 2) and the rotation of tube 410. 

Further, the rigid body 430 is preferably formed of 
a non-oxidizing substance or anti -oxidation coated, 
since smooth rolling or sliding of the rigid body 430 in- 
side the race 450 will be hindered by oxidation, i.e., cor- 
rosion. 

For that purpose, the rigid body 430 can be formed 
of substance such as SUS300, ceramic or synthetic res- 
in. Also, the outer surface of the rigid body 430 can be 
anti-oxidation processed by coating a base material of 
carbon steel or chromium steel with zinc or nickel-chro- 
mium plated. 

Also, the rigid body 430 can be formed of a sub- 
stance having fine particles when oxidized with the air, 
so that the movement of the rigid body 430 is not affect- 
ed. 

The shapes of the race 450 and the cover member 
413 will now be described with reference to Figures 13 
through 16. 

As shown in Figure 1 3, it is preferable that the sec- 
tion through the race 450 and the cover member 41 3 is 
rectangular. Alternatively, as shown in Figure 14, the 
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cross-section ol the race 450* and the cover member 
41 3 may be an oval. Thus, by reducing the height ot the 
tube 410, the internal vibratory force generated during 
rotation of the tube 410 can be effectively alleviated. 

Also, as shown in Figure 15, the cross-section the 
race 450" may bulge inward. Such a case is very appro- 
priate for minimizing the contact area between the rigid 
body 430 and the race 450. 

Further, as shown in Figure 16, the inner wall of the 
race 450° is formed to be higher than the outer wall so 
that the upper and lower surfaces of the race 450 are at 
an angle. Thus, when the cylindric rigid body 430* (see 
Figure 10) is employed, sliding movements of the rigid 
body 430* inside the race 450*" can be minimized. 

It is preferable that the tube 410 including a race 
450 and a cover member 41 3 are formed of a non-mag- 
netic substance to effectively prevent the influence of a 
magnetic force between the rigid body 430 and the race 
450. That is, the tube 410 and the cover member 413 
may be formed of substance such as tungsten carbide 
(WC), beryllium steel (CuBe), Hastelloy C-276, silicon 
nitride (Si 3 N 4 ), zirconia (Zr0 2 ), brass, aluminum, 
austenite-series stainless YHD50, a non-magnetic met- 
al such as SUS300, SUS304 and SUS316, ceramic or 
a synthetic resin. 

Also, the tube 410 is preferably formed of a non- 
oxidizing substance such as SUS300, ceramic or a syn- 
thetic resin or anti-oxidation coated of zinc or by nickel- 
chromium plated over a base material of carbon steel 
or chromium steel. 

As shown in Figures 17 and 18, a third embodiment 
of the self-compensating dynamic balancer 400 in- 
cludes a support plate 461 perpendicularly fixed to the 
rotation shaft 130 and at least one pivoting plate 465 
hinge-coupled to the support plate 461 being parallel to 
the same. Here, it is preferable that a pair of the support 
plates 461 are provided parallel with each other and the 
pivoting plate(s) 465 is(are) coupled therebetween. The 
pivoting plate 465 is pivot-coupled between the support 
plates 461 by a fixing pin 463. 

Referring to Figures 19 and 20, a turntable 200 in- 
corporating the first embodiment of the self -compensat- 
ing dynamic balancer 400 will now be described. 

A placing member 210 of the turntable 200 is cou- 
pled to the rotation shaft 130 of the spindle motor 100. 
For that purpose, a coupling hole 240 is formed at the 
center of the placing member 210 so that the rotation 
shaft 130 inserts into and is fixed to the inside of the 
coupling hole 240. A circular locating protrusion 220 
which fits through the center hole of the disk 1 (see Fig- 
ure 2) is formed on an upper surface of the placing mem- 
ber 210. The locating protrusion 220 is concentric with 
the coupling hole 240. A circular race 250 is formed in 
the placing member 210 around the locating protrusion 
220. A plurality of mobile units 270 which can move 
away from the rotation center of the placing member 21 0 
due to a centrifugal force are inserted into the race 250. 
The race 250 is sealed by a cover member 260 with the 



mobile units 270 inside. After the cover member 260 is 
assembled onto the upper portion of the placing mem- 
ber 210, the upper surface of the cover member 260 is 
processed to be a flat surface appropriate for contact 
s with the surface of the disk 1 . 

The cover member 260 and the placing member 
210 are coupled using an adhesive, a groove and pro- 
trusion assembly, or a screw. A detailed description 
thereof will be omitted since such coupling techniques 
are well-known. As shown in the drawing, an open por- 
tion of the race 250 can be formed on the entire upper 
surface of the race 250 or on a portion of the upper sur- 
face thereof being large enough to allow insertion of the 
mobile unit 270 into the race 250. 

Also, the turntable 200 preferably includes a mag- 
net 235 to firmly hold the disk 1 against the surface of 
the placing member 210 together with the clamper 301 
(see Figure 2) by a magnetic attraction therebetween. 
The magnet 235 is inserted into an installation groove 
230 formed between the coupling hole 240 and the lo- 
cating protrusion 220. 

A placing surface 21 1 processed to be a flat surface 
to contact the surface of the disk 1 is provided on upper 
surface of the placing member 210 between the race 
250 and the locating protrusion 220. A frictional member 
21 3 can be installed to increase the friction between the 
disk 1 and the placing surface 211 to prevent the slip of 
the disk 1 with respect to the placing member 210. 

The mobile unit 270 consists of a plurality of rigid 
bodies 271 and/or a fluid 272 which can be moved away 
from the center of the placing member 210 due to the 
centrifugal force generated during rotation of the placing 
member 210. 

Figure 19 shows an example in which a plurality of 
rigid bodies 271 are included as a mobile unit 270 inside 
the race 250. The rigid body 271 can freely roll or slide 
according to the centrifugal force during rotation of the 
placing member 210. 

As in the embodiment shown with reference to Fig- 
ures 9 through 12, the shape of the rigid body 271 lo- 
cated inside the race 250 is preferably spherical, cylin- 
drical, has a truncated conic body or is a fan-shaped 
block. However, the shape of the rigid body 271 may be 
modified into other shapes as long as the body can free- 
ly move inside the race 250. 

A fluid 272 can be further included together with the 
rigid body 271 as the mobile unit 270. Since the fluid 
272 has a larger contact area with respect to the race 
250 and the cover member 260 and exhibits a very high 
viscosity compared to the rigid body 271, the fluid 272 
employed with the rigid body 271 inside the race 250 
can effectively compensate for an internal vibratory 
force generated due to the eccentric center of gravity of 
the disk 1 (see Figure 2). 

Here, the fluid 272 can be included in variable 
amounts, from an amount sufficient to coat the outer sur- 
face of the rigid body 271 to the thickness of only a few 
microns. In this case, the fluid 272 reduces friction be- 
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tween the rigid body 271 , the race 250 and the cover 
member 260. 

Here, when the rigid body 271 is formed of the non- 
magnetic substance, the rigid body 271 is not influenced 
by the magnetic force from the magnet 235 installed in- 
side the locating protrusion 220 or the magnet 235 
around the placing member 210. Thus, the rigid body 
271 moves smoothly dependent only upon the position 
of the eccentric center of gravity of the disk 1 and the 
rotation of the placing member 210. 

Further, the rigid body 271 is preferably formed of 
a non-oxidizing substance or anti-oxidation coated, 
since rolling or sliding of the rigid body 271 inside the 
race 250 is hindered by oxidation, i.e., corrosion. Also, 
the rigid body 271 can be formed of a substance having 
fine particles when oxidized in air, so that the movement 
of the rigid body 271 is not affected. 

Also, the fluid 272 can be employed without the rigid 
body 271 as the mobile unit 270. In such a case, the 
cover member 260 and the race 250 are sealed to each 
other to prevent leakage of the fluid 272. 

As in the embodiment with reference to Figures 1 3 
through 16, the section of the race 250 and the cover 
member 260 is a rectangular 450, an oval 450', or in- 
wardly bulge 450". Also, the inner wall of the race 250 
is formed to be higher than the outer wall of the same 
so that a race in which the upper and lower surfaces of 
the race 250 are at an angle is possible (as in race 
450"'). 

It is preferable that the placing member 21 0 includ- 
ing race 250 and the cover member 260 are formed of 
a non-magnetic substance to effectively prevent the in- 
fluence of a magnetic force between the rigid body 271 
and the race 250. That is, the placing member 210 and 
the cover member 260 are formed of a substance such 
as tungsten carbide (WC), beryllium steel (CuBe), 
Hastelloy C-276, silicon nitride (Si 3 N 4 ), zirconia (2r0 2 ), 
brass, aluminum, austenite-series steel YHD50, a non- 
magnetic metal such as SUS300, SUS304 and 
SUS316, ceramic or a synthetic resin. 

Also, the placing member 210 is preferably formed 
of a non -oxidizing substance such as SUS300, ceramic 
or a synthetic resin or anti -oxidation coated of zinc or by 
nickel-chromium plated over a base material of carbon 
steel or chromium steel. 

Referring to Figure 21 , a turntable 200 incorporating 
the second embodiment of the self -compensating dy- 
namic balancer will now be described. ' 

As shown in the drawing, the turntable 200 includes 
a placing member 21 0, a locating protrusion 220 formed 
to be protruding from the center of the placing member 
21 0 to insert into the center hole of the disk 1 (see Figure 
2), a circular race 250 formed inside the placing member 
210, a mobile unit 270 installed to be capable of moving 
inside the race 250, and a cover member 260 for cov- 
ering the open portion of the race 250. Here, it is a char- 
acteristic feature that first and second races 250a and 
250b are provided which are formed concentric and ad- 



jacent to each other with respect to the center of the 
placing member, differently from the first embodiment. 
First and second mobile units 270a and 270b shaped 
as described above are inserted into the first and second 

5 races 250a and 250b, respectively. 

The mobile units 270a and 270b consist of one of a 
variously shaped rigid body 271 and/or a fluid 272 as 
described with reference to Figures 9 through 1 2. When 
the rigid body 271 is included as the mobile unit 270, it 

io is preferable that the rigid body 271 is formed of a non- 
magnetic substance, a non-oxidizing substance, or is 
anti-oxidation coated. Also, the shape of each section 
of the first and second races 250a and 250b is one of 
those described with reference to Figures 13 through 

is 16. 

Here, it is preferable that the masses of the respec- 
tive mobile units 270a and 270b inserted in the first and 
second races 250a and 250b are different from each 
other. 

20 This is because of the consideration that a centrif- 
ugal force applied to the mobile unit 270 during the ro- 
tation of the placing member 210 is proportional to the 
respective mass of the mobile unit 270 and the distance 
between the center position of the mobile unit 270 and 

25 the rotation center of the placing member 210. That is, 
the diameters of the first and second races 250a and 
250b and the mass of the mobile unit 270 are deter- 
mined by considering the allowable error of the eccentric 
center of gravity of the disk. 

30 Although the turntable 200 having two races 250a 
and 250b is described in Figure 21 , the turntable can be 
provided with two or more races. 

A clamper 300 incorporating the first embodiment 
of the self-compensating dynamic balancer will be de- 

35 scribed in detail with reference to Figures 22 through 26. 
As shown in Figure 2, the clamper 300 incorporating 
a self -compensating dynamic balancer is positioned on 
the turntable 200 by the bracket 301 coupled with the 
deck base 50 and holds the disk 1 in place on the turn- 

40 table 200. Referring to Figures 22 and 23, the clamper 
300 incorporating a self-compensating dynamic balanc- 
er includes a clamper main body 310, a pressing unit 
c 320, a rac e 350, a mobile unit 370a nd a cover member 
360The clamper main body 3*1olsln stalled on the deck 

A5 base 50 to perform a motion relative to the turntable 200. 
The pressing unit 320 is installed at the clamper main 
body 310 to press the disk 1 in place on the turntable 
201 . The race 350 is formed inside the clamper main 
body 310 and is concentric with the rotation center 

50 the clamper main body 310. The mobile unit 370 is in- 
stalled to be capable of moving inside the race 350 and 
moves toward the outer circumference of the clamper 
main body 310 due to a centrifugal force generated dur- 
ing the rotation of the clamper main body 310. The cover 

55 member 360 covers the open portion of the race 350. 

The cover member 360 and the race 350 are cou- 
pled using an adhesive, a groove and protrusion assem- 
bly formed at corresponding positions, or a screw. A de- 
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tailed description thereof will be omitted since such cou- 
pling techniques are well-known. 

As shown in the drawing, the open portion of the 
race 350 can be formed on the entire upper surface of 
the race 350 or on a portion of the upper surface thereof 
being large enough to allow the mobile unit 370 to insert 
into the race 350. 

The pressing unit 320 can be a yoke 321 coupled 
to the lower portion inside the clamper main body 310 
as shown in Figure 23. 

As shown in Figures 1 9 through 21 , when the mag- 
net 235 is provided to the turntable 200, the yoke 321 
presses the disk 1 (see Figure 2) using the mutual mag- 
netic attraction with the magnet 235. 

Also, the pressing unit 320 may be a pressing plate 
324 and an elastic member 325, as shown in Figure 24. 
The pressing plate 324 is installed at the lower surface 
of the clamper main body 310 to be capable of moving 
up and down. The elastic member 325 is interposed be- 
tween the clamper main body 31 0 and the pressing plate 
324 to allow the pressing plate 324 to elastically press 
the disk 1 (see Figure 2). 

Accordingly, when the turntable 200 moves relative- 
ly to the clamper main body 310, e.g., the turntable 200 
is lifted while the clamper main body 310 is stationary 
so that the turntable is in proximity with the clamper main 
body 310 and the disk 1 placed on the turntable 200 is 
held by the pressing unit 320. Consequently, the clam- 
per main body 310 rotates, being engaged with the ro- 
tating turntable. 

The mobile unit 370 includes a plurality of rigid bod- 
ies 371 and/or a fluid 372 to move away from the rotation 
center of the rotating clamper main body by the centrif- 
ugal force inside the race 350. 

Figures 22 through 24 show cases in which a plu- 
rality of rigid bodies 371 are included inside the race 350 
as the mobile unit 370. The rigid body 371 is installed to 
be capable of freely rolling or sliding such that the posi- 
tion thereof can be determined by the centrifugal force 
during rotation of the placing member. 

It is preferable that the rigid body 371 is spherical, 
cylindrical, has a truncated conic shape, or is a fan- 
shaped block, as shown in Figures 9 through 12. How- 
ever, the shape of the rigid body 371 may be modified 
on the condition that the rigid body 371 can freely move 
inside the race 350. 

As shown in Figure 25, the fluid 372 can be further 
comprised along with the rigid body 371 as the mobile 
unit 370. Since the fluid 372 has a large contact area 
with respect to the race 350 and the cover member 360 
and exhibits very high viscosity compared to the rigid 
body 371 , the fluid 372 employed with the rigid body 371 
inside the race 350 can effectively compensate for an 
inside vibratory force generated due to the eccentric 
center of gravity of the disk 1 (see Figure 2). 

Here, it is preferable that the rigid body 371 is . 
formed of a non-magnetic substance to be free from in- 
fluence of the magnetic force of the magnet 235 (see 



Figure 1 9). In this case, the movement of the rigid body 
371 is determined dependent only on the eccentric cent- 
er of gravity position of the disk 1 and the rotation of the 
clamper main body 310. 
5 Also, the rigid body 371 is preferably formed of a 
non-oxidizing substance or is anti-oxidation coated to 
prevent the smooth rolling or sliding of the rigid body 
371 inside the race 350 from being hindered by oxida- 
tion, i.e., corrosion. Also, the rigid body 371 can be 
formed of a substance having fine particles when oxi- 
dized in air, so that the movement of the rigid body 371 
is not affected. 

The fluid 372 can be employed without the rigid 
body 371 as the mobile unit 370. 

The shapes of a portion formed by the race 350 and 
the cover member 360 where the mobile unit 370 is a 
shape described with reference to Figures 13 through 
16. That is, the cross section has a rectangular shape, 
an oval shape, or an inwardly bulging shape. 

Also, it is preferable that the clamper main body 31 0 
including the race 350 and the cover member 360 are 
formed of a non-magnetic substance to be free from in- 
fluence of a magnetic force generated between the rigid 
body 371 and the race 350. Further, the clamper main 
body 310 is preferably formed of a non-oxidizing sub- 
stance or is anti -oxidation coated. 

Referring to Figure 26, the clamper 300 incorporat- 
ing the second embodiment of the self-compensating 
dynamic balancer will now be described. 

As shown in the drawing, the clamper 300 includes 
a clamper main body 310, a pressing unit 320 installed 
at the clamper main body 310 and which presses the 
disk 1 (see Figure 2) in place on the turntable 200, a 
circular race 350 formed inside the clamper main body 
310 and concentric with the rotation center of the clam- 
per main body 310, a mobile unit 370 installed to be ca- 
pable of moving inside the race 350, and the cover mem- 
ber 360 for covering an open portion of the race 350. 
Here, a characteristic feature of the present embodi- 
ment which distinguishes it from the first embodiment is 
that first and second races 350a and 350b formed ad- 
jacent to each around the rotation center of the clamper 
main body 310 (see Figure 4) are provided as the race 
350. 

As described referring to Figures 9 through 12, the 
mobile unit 370 includes a rigid body 371 of various 
shapes and/or a fluid 372. In the case that the rigid body 
371 is included as the mobile unit 370, it is preferable 
that the rigid body 371 is formed of a non-magnetic, non- 
oxidizing substance, or is anti-oxidation coated. Also, 
the sectional shapes of each of the first and second rac- 
es 350a and 350b are the same as those described ear- 
lier referring to Figures 13 through 16. 

Here, it is preferable that each of the mobile units 
370a and 370b respectively located in the first and sec- 
ond races 350a and 350b have a different weight. 

This is because of the consideration that the cen- 
trifugal force applied to the mobile units 370a and 370b 
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during the rotation of the clamper main body 310 is pro- 
portional to the mass of the respective mobile unit 370 
and the distance between the center ot the mobile unit 
370 and the center of rotation of the clamper main body 
310. That means that the diameters of the first and sec- 
ond races 350a and 350b and the mass of the mobile 
unit 370a and 370b are determined considering the al- 
lowable error ol the disk eccentric center of gravity. 

Although Figure 26 shows the clamper having two 
races 350a and 350b, it is possible to have two or more 
races 350 provided to the clamper incorporating a self- 
compensating dynamic balancer 300. 

A spindle motor incorporating a self -compensating 
dynamic balancer employed will now be described in de- 
tail with reference to Figures 27 through 30. 

The spindle motor incorporating a self -compensat- 
ing dynamic balancer is installed at the deck plate 70 
and rotates the turntable 200 coupled on the rotation 
shaft 1 30, as shown in Figure 2. 

The spindle motor 100 according to a first embodi- 
ment includes a motor base 110, a rotation shaft 130, a 
stator 140, a rotor 120, first and second bearings 132 
and 1 34, a circular race 150 integrally formed inside the 
rotor 120, a mobile unit 170 installed inside the race 150, 
and a cover member 1 60 for covering the opening of the 
race 150. 

. The motor base 110 is coupled with the deck plate 
70 (see Figure 2) and has a through hole 111 . The rota- 
tion shaft 130 together with the bearings 132 and 134 
inserts into the through hole 111 . 

The stator 1 40 is fixed to the bottom surface of the 
motorbaseHOand includes a yoke 141 facing the rotor 
120 and a coil member 143 disposed at the inner side 
of the yoke 141. The bearings 132 and 134 which are 
disposed between the through hole 111 and the shaft 

130 support the shaft 130 in the radial and axial direc- 
tions thereof. Accordingly, a pair of the bearings 1 32 and 
134 are provided and disposed inside the through hole 
1 1 1 separated by a predetermined distance. That is, the 
inner ring of the first bearing 1 32 is fixed to the rotation 
shaft 130 and the outer ring thereof is fixed within the 
through hole 111 so movements in the radiai and axial 
directions of the rotation shaft 130 are prevented. The 
second bearing 1 30 is inserted into the through hole 1 1 1 
to be capable of sliding therein in order to prevent the 
rotation shaft 1 34 from being angled. An elastic member 

131 is disposed inside the through hole 111 between the 
first bearing 1 32 and the second bearing 1 34 to alleviate 
the rotational vibration of the rotor 1 20 being transmitted 
to the motor base 110. It is preferable to use a metal 
bearing as the bearings 132 and 134 considering the 
positional accuracy necessary for high-speed rotation. 
Also, it is possible to employ other types of bearings 
such as a ball bearing or a dynamic pneumatic bearing. 

The rotor 120 includes a case 121 fixed to one end 
of the rotation shaft 1 30 and installed to enclose the sta- 
tor 140 and a magnet 123 fixed inside the case 121 to 
surround the yoke 141. Here, a fixing member 133 is 



further included at the coupling between the case 121 
and the rotation shaft 130 to prevent the rotation shaft 
130 from slipping off or running idly with respect to the 
case 121. 

5 Therace 150 is formed integrally with the case 121, 
and inside the case 1 21 , concentric with the rotation 
shaft 1 30. The mobile unit 1 70 is installed to be capable 
of moving inside the race 150 and moves toward the 
outer circumference of the race 1 50 due to a centrifugal 
to force generated during the rotation of the case 121. The 
cover member 160 covers the opening of the race 1 50. 

The cover member 160 and the race 150 are cou- 
pled using an adhesive, a groove and protrusion assem- 
bly formed at corresponding positions, or screws. 
75 The opening of the race 1 50 can be formed through- 
out the entire surface of the upper surface of the race 
150, as shown in the drawing, or formed as part of the 
upper surface of the race 150, in a size large enough to 
insert the mobile unit 170 into the race 150. 

The mobile unit 1 70 consists of a plural ity of the rigid 
bodies 1 71 and/or a fluid 1 80 installed to be capable of 
moving away from the rotation center of the rotor 120 
inside the race 150 during the rotation of the rotor 120. 

Figures 27 and 28 show a case in which a plurality 
of rigid bodies 171 are included as the mobile unit 170 
inside the race 150. The rigid body 171 is installed to be 
capable of freely rolling or sliding such that the position 
of the rigid body 171 can be determined according to 
the centrifugal force generated during the rotation of the 
rotor 120. / 

It is preferable that the rigid body 171 is spherical, 
cylindrical, has a truncated conic shape, or is a fan- 
shaped block, as shown in Figures 9 through 12. Fur- 
ther, the shape of the rigid body 171 may be modified 
on the condition that the rigid body 171 can freely move 
inside the race 150. 

As shown in Figure 29, the fluid 1 72 can be included 
along with the rigid body 171 as the mobile unit 170. 
Since the fluid 1 80 has a large contact area with respect 
to the race 1 50 and the cover member 1 60 and exhibits 
very high viscosity compared to the rigid body 171 , the 
fluid 172 employed with the rigid body 171 inside the 
race 150 can effectively compensate for an internal vi- 
bratory force generated due to an eccentric center of 
gravity of the disk 1 (see Figure 2). 

Here, it is preferable that the rigid body 171 is 
formed of a non-magnetic substance to be free from in- 
fluence of the magnetic force of the magnet 123 (see 
Figure 4), so that the movement of the rigid body 171 is 
determined dependent on the eccentric center of gravity 
position of the disk 1 and the rotation of the rotor 120. 

Also, the rigid body 171 is preferably formed of a 
non-oxidizing substance or is anti -oxidation coated to 
prevent the smooth rolling or sliding of the rigid body 
171 inside the race 150 from being hindered by oxida- 
tion, i.e., corrosion. Also, the rigid body 171 can be 
formed of a substance having fine particles when oxi- 
dized in air, so that the movement of the rigid body 171 
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is not affected. 

The fluid 172 can be employed without the rigid 
body 171 as the mobile unit 170. 

The shapes of a portion formed by the race 1 50 and 
the cover member 160 where the mobile unit 170 is 
placed is the same as those described earlier with ref- 
erence to Figures 13 through 16. 

Also, it is preferable that the case 121 including the 
race 150 and' the cover member 160 are formed of a 
non-magnetic substance to be free from influence of a 
magnetic force generated between the rigid body 171 
and itself. 

Further, the case 1 21 is preferably formed of a non- 
oxidizing substance or is anti-oxidation coated. 

Referring to Figure 30, a spindle motor 100 incor- 
porating the second embodiment of the self -compensat- 
ing dynamic balancer will now be described. 

As shown in the drawing, the spindle motor 100 in- 
cludes a rotation shaft 1 30, a motor base 110, bearings 
132 and 134, a stator 140, a rotor 120, a circular race 
150 formed inside the rotor 120 and concentric with the 
rotation shaft 130, a mobile unit 170 installed to be ca- 
pable of moving inside the race 150, and a cover mem- 
ber 160 for covering an opening of the race 150. Here, 
the first and second races 150a and 150b are formed 
adjacent to each other and concentric with the rotor 1 20 
are provided as the race 150, which distinguishes it from 
the above-described first embodiment. 

Since the shape and material of the mobile unit 1 70, 
the race 150 and the cover member 160 are the same 
as those described above, a detailed description thereof 
will be omitted. 

Here, it is preferable that the weights of mobile units 
170a and 170b installed in the first and second races 
150a and 150b, respectively, are different from each 
other. 

This is because of the consideration that a centrif- 
ugal force applied to the case 121 during rotation of the 
rotor 120 is proportional to the mass of each of the re- 
spective mobile units 170a and 170b and the distance 
between the center of the mobile unit 170 and the rota- 
tion center of the rotor 120. That is, the diameter of the 
first and second races 150a and 150b and the mass of 
the mobile unit 170a and 170b are determined consid- 
ering the allowable error of the eccentric center of grav- 
ity of the disk 1 (see Figure 2). 

Although a spindle motor 100 having two races 
150a and 150b is shown in Figure 30, it is possible to 
provide a spindle motor incorporating a self -compensat- 
ing dynamic balancer 100 with two or more races. 

As shown in Figure 2, a disk player preferably in- 
cludes the deck base 50, the deck plate 70, the buffering 
member 60, the spindle motor 100, the turntable 200 
and the clamper 300. Here, the turntable incorporating 
a self-compensating dynamic balancer 200 is employed 
as the turntable, as shown in Figures 19 through 21. 

Alternatively, in a second preferred embodiment, 
the disk player is substantially the same as that of the 



first embodiment, but a clamper incorporating a self- 
compensating dynamic balancer 300 as described with 
reference to Figures 22 through 26 is employed. 

Also, a disk player according to a third embodiment 
s is substantially same as that of the first and second em- 
bodiments, but the spindle motor incorporating a self- 
compensating dynamic balancer 100 as described with 
reference to Figures 27 through 30 is employed. 

Further, in the disk player as described above, the 
to self-compensating dynamic balancer 400 can be inte- 
grally formed with not just one of the rotating members 
such as the turntable 200, the clamper 300 and the spin- 
dle motor 1 00 but also two or more of the rotating mem- 
bers considering the rotational speed of the disk 1 (see 
is Figure 2) and the scope of the allowable error of the po- 
sition of the eccentric center of gravity. 

Hereinafter, the effects of vibration reduction gen- 
erated when the disk player incorporating a self -com- 
pensating dynamic balancer and the rotating members 
incorporating a self-compensating dynamic balancer, i. 
e., the turntable 200, the clamper 300 and the spindle 
motor 100, are operated, will be described with refer- 
ence to Figures 31 A and 31 B. 

When the angular frequency of the disk 1 is equal 
to or less than the natural frequency, as shown Figure 
31 A, the position (p,, i=1, 2 r 3 and 4) of the eccentric 
center of gravity m e of the disk 1 and the position (p'j, 
i=1, 2, 3 and 4) of a compensated mass m,,, i.e., the 
center of gravity of the self-compensating dynamic bal- 
ancer including the race, the mobile unit and the cover 
member, are located opposite the revolution center c, 
with respect to the corresponding positions (c |( i=1 , 2, 3 
and 4) of the rotation shaft. Thus, the degree of eccen- 
tricity of the rotation becomes large. 

However, when the angular frequency of the disk 1 
is much greater than the natural frequency as when the 
disk rotates at a normal speed, as shown Figure 31 B, 
the revolution center c and the position (p i( i=1 , 2, 3 and 
4) of the eccentric center of gravity m e of the disk 1 are 
located in the same direction with respect to the rotation 
shaft, and the position (p'j, i =1 , 2, 3 and 4) of the com- 
pensated mass m e is located in the opposite direction 
due to the centrifugal force. Thus, an unbalanced state 
generated due to the eccentric center of gravity m e of 
the disk 1 is compensated for and the eccentricity of ro- 
tation of the rotation shaft is drastically reduced. Con- 
sequently, the internal vibratory force of the deck plate 
due to the eccentric center of gravity m e of the disk 1 is 
alleviated. 

As described above, the disk player incorporating a 
self-compensating dynamic balancer, the spindle motor 
and the rotating members rotated by the spindle motor 
compensates for the internal vibration generated due to 
the eccentric center of gravity of a disk, by generating a 
centrifugal force directed from the orbital center of the 
disk radially outward which is generated by the mobile 
unit inside the race. Therefore, the internal vibration 
generated by the orbital rotation of the eccentric center 
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of gravity of the disk can be effectively limited. 

Also, the disk player employing a buffering member 
exhibiting a weak rigidity can alleviate external impacts. 
Thus, the disk player described above is appropriate for 
a high-speed CD drive of greater than 6X-speed, a CD- 
ROM drive, or a DVD drive. 

The reader's attention is directed to all papers and 
documents which are filed concurrently with or previous 
to this specification in connection with this application 
and which are open to public inspection with this spec- 
ification, and the contents of all such papers and docu- 
ments are incorporated herein by reference. 

All of the features disclosed in this specification (in- 
cluding any accompanying claims, abstract and draw- 
ings), and/or all of the steps of any method or process 
so disclosed, may be combined in any combination, ex- 
cept combinations where at least some of such features 
and/or steps are mutually exclusive. 

Each feature disclosed in this specification (includ- 
ing any accompanying claims, abstract and drawings), 
may be replaced by alternative features serving the 
same, equivalent or similar purpose, unless expressly 
stated otherwise. Thus, unless expressly stated other- 
wise, each feature disclosed is one example only of a 
generic series of equivalent or similar features. 

The invention is not restricted to the details of the 
foregoing embodiment(s). The invention extends to any 
novel one, or any novel combination, of the features dis- 
closed in this specification (including any accompanying 
claims, abstract and drawings), or to any novel one, or 
any novel combination, of the steps of any method or 
process so disclosed. 



Claims 

1. A self -compensating dynamic balancer apparatus 
for a disk player having rotational components 
(1 00,200,300) for rotating a disk (1 ) about a rotation 
axis to second and reproduce information from the 
disk (1), said apparatus characterised by : 

a self-compensating dynamic balancer (4O0) 
locatable co-axial with said rotational axis too rotate 
in use with at least one of said rotational compo- 
nents (100,200,300), said self-compensating dy- 
namic balancer comprising a mobile unit (420,465) 
arranged to be moved by centrifugal force generat- 
ed by rotation of said disk such that the centre of 
gravity of said self-compensating dynamic balancer 
(400) moves to be located opposite to the centre of 
gravity of said disk (1 ) with respect to said rotational 
axis. 

2. An apparatus as claimed in claim 1 , wherein said 
self-compensating dynamic balancer (400) com- 
prises a hollow tube (410), said mobile unit (420) 
being disposed in said tube so as to be capable of 
moving freely therein. 



3. An apparatus as claimed in claim 2, wherein said 
tube (410) is formed of a body (412) having a race 
(450) in which said mobile unit (420) is disposed 
and a cover member (413) which covers said race 

5 by coupling to said body. 

4. An apparatus as claimed in any of claims 1 to 3, 
comprising at least two circular tubes (410a, 410b) 
which are arranged to be concentric and adjacent 

10 to each other and have mobile units (420a, 420b) 
located in the respective tubes. 

5. An apparatus as claimed in any of claims 2 through 
4, wherein said mobile unit (420) includes at least 

is one rigid body (430) which can move in said tube 
(410). 

6. An apparatus as claimed in claim 5, wherein, when 
there is more than one tube (410a, 410b), the 

20 weights of said rigid bodies (430a, 430b) located in 
the respective tubes (410a, 410b) differ from each 
other. 

7. An apparatus as claimed in any of claims 2 to 6, 
25 comprising a fluid (440) capable of moving within 

said tube (410). 

8. An apparatus as claimed in any of claims 5 to 7, 
wherein said rigid body (430) is formed into a shape 

30 selected from the group consisting of a spherical 
body (430) which can roll inside said race (450), a 
cylindrical body (430') which can roll with the outer 
circumferential surface thereof contacting the inner 
surface of the outer circular wall of said race, a trun- 
ks cated conic body (430") which can roll with the outer 
circumferential surface thereof contacting the bot- 
tom surface of said race, and a fan-shaped block 
(430") which can slide being in contact with the bot- 
tom surface or the outer circular wall of said race. 

40 

9. An apparatus as claimed in any of claims 5 to 8, 
wherein said rigid body (430) is formed of a non- 
magnetic material in order to avoid being influenced 
by a magnetic force. 

45 

10. An apparatus as claimed in claim 9, wherein said 
rigid body (430) is formed of a substance selected 
from the group consisting of tungsten carbide (WC), 
beryllium steel (CuBe), Hastelloy C-276, silicon ni- 

so tride (Si 3 N 4 ), zirconia (Zr0 2 ), brass, aluminum, 
austenite-series steel YHD50, a non-magnetic met- 
al such as SUS300, SUS304 and SUS31 6, ceramic 
and a synthetic resin. 

55 11. An apparatus as claimed in any of claims 5 to 9, 
wherein said rigid body (430) is formed of a non- 
oxidizing substance which does not corrode. 
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21. An apparatus as claimed in any of claim 2 through 
20, wherein the surface of said tube (450) facing 
said mobile unit (420) is anti-oxidation coated. 

s 22. An apparatus as claimed in claim 21 , wherein said 
anti -oxidation coating is formed of one selected 
from the group consisting of zinc and nickel-chro- 
mium plated over a base material of carbon steel or 
chromium steel. 

23. An apparatus as claimed in claim 1, comprising a 
support plate (461) and at least one pivoting plate 
(465) pivotably coupled (463) to said support plate 
(461). 

15 

24. An apparatus as claimed in any preceding claim, 
wherein said self-compensating dynamic balancer 
(400) is formed integrally with a turntable (200). 

20 25. A turntable (200) incorporating a self-compensating 
dynamic balancer (400) as claimed in claim 24, 
comprising: 

a placing member (210) having a coupling hole 
25 (240) which is coupled to a rotation shaft (1 30) 

of a motor (100) and a surface on which a disk 
is placed, said placing member (210) being ro- 
tated by rotation of said motor; 
a coupling protrusion (220) which is formed on 
30 ' said placing member to project therefrom and 

onto which the center hole of a disk (1 ) fits; 
at least one circular race (250) which is formed 
in said placing member (210) and rotates 
around the centre of rotation of said placing 
35 member; 

a mobile unit (270) which is placed inside said 
race to be capable of moving; and 
a cover member (260) to covering an opening 
of said race. 

40 

26. A turntable incorporating a self-compensating dy- 
namic balancer, as claimed in claim 25, wherein 
said coupling protrusion (220) includes an installa- 
tion groove (230) which is formed inside the same 
45 and a magnet (235) which is inserted in said instal- 
lation groove. 



12. An apparatus as claimed in claim 11, wherein said 
rigid body (430) is formed of a substance selected 
from the group consisting of SUS300, ceramic and 
a synthetic resin. 

13. An apparatus as claimed in any of claims 5 to 8, 
wherein the outer circumferential surface of said rig- 
id body (430) is anti -oxidation coated. 

14. An apparatus as claimed in claim 13, wherein said 
anti-oxidation coating is formed of one selected 
from the group consisting of zinc and nickel-chro- 
mium plated over a base material of carbon steel or 
chromium steel. 

15. An apparatus as claimed in any of claims 3 to 13, 
wherein said mobile unit (420) comprises a fluid 
(440) capable of moving in said race such that the 
center of gravity thereof is located opposite to that 
of said disk (1 ) with respect to said rotation axis by 
a centrifugal force generated during rotation of said 
tube (410). 

16. An apparatus as claimed in any of claims 2 through 

15, wherein the cross section of said tube (410) en- 
closing said mobile unit (420) has a shape selected 
from the group consisting of a rectangular shape 
(450), an oval shape (450*) having a longer axis in 
the latitudinal direction with respect to the rotation 
shaft, and an inwardly bulging polygonal shape 
450") in which a portion of each side contacting said 
mobile unit bulges inward. 

17. An apparatus as claimed in any of claims 2 through 

16, wherein said tube (450) enclosing said mobile 
unit (420) is formed of a non-magnetic material in 
order to avoid being influenced by a magnetic force. 

18. An apparatus as claimed in claim 17, wherein said 
tube enclosing said mobile unit (420) is formed of a 
substance selected from the group consisting of 
tungsten carbide (WC), beryllium steel (CuBe), 
Hastelloy C-276, silicon nitride ^N^, zirconia 
(Zr0 2 ), brass, aluminum, austenite-series steel 
YHD50, a non-magnetic metal such as SUS300, 
SUS304 and SUS316. ceramic and a synthetic res- 
in. 

19. An apparatus as claimed in any of claims 2 through 

17, wherein said tube (450) enclosing said mobile 
unit (420) is formed of a non-oxidizing substance 
which does not corrode. 

20. An apparatus as claimed in claim 1 9, wherein said 
tube (450) enclosing said mobile unit (420) is 
formed of a substance selected from the group con- 
sisting of SUS300, ceramic and a synthetic resin. 



27. An apparatus as claimed in any of claims 1 to 23, 
wherein said self-compensating dynamic balancer 

so (400) is formed integrally with a clamper (300). 

28. A clamper (300) incorporating a self-compensating 
dynamic balancer, as claimed in claim 27, compris- 
ing: 

55 

a clamper main body (310); 
. a pressing unit (320) coupled to said clamper 
main body (310) for pressing a disk (1) placed 



12 



23 



EP 0 836 185 A2 



24 



on a turntable (200); 

at least one annular race (350) which is formed 
in said clamper main body (310) and rotates 
around the center of rotation of said clamper 
main body; 

a mobile unit (370) placed inside said race 
(350) to be capable of moving; and 
a cover member (360) which covers an opening 
of said race. 

29. A clamper incorporating a self -compensating dy- 
namic balancer as claimed in claim 28, wherein the 
bottom surface of said clamper main body (310) 
contacts said disk (1), and said pressing unit (320) 
is a yoke member (321 ) which is coupled to the low- 
er portion inside said clamper main body in order to 
press said disk by a magnetic attractive force with 
a magnet (235) in said turntable (200). 

30. A clamper incorporating a self-compensating dy- 
namic balancer as claimed in claim 28, wherein said 
pressing unit (320) includes a pressing plate (324) 
installed at the bottom surface of said clamper main 
body (310) to be capable of moving up and down 
for pressing said disk (1), and an elastic member 
(325) which is interposed between said clamper 
main body and said pressing plate such that said 
pressing plate can elastically press against said 
disk. 

31. An apparatus as claimed in any of claims 1 to 23, 
wherein said self-compensating dynamic balancer 
(400) is formed integrally with a spindle motor (1 00). 

32. A spindle motor (1 00) incorporating a self-compen- 
sating dynamic balancer (400) as claimed in claim 
31 , comprising: 

a rotation shaft (130); 

a motor base (110) having a through hole (111) 
in which said rotation shaft is rotatably inserted; 
a stator (140) fixedly installed at said motor 
base (110) and having a yoke (141) and a coil 
(143) wound around said yoke; 
a rotor (1 20) having a case (121) which is fixed 
to an end of said rotation shaft and encloses 
said stator, and a magnet which is fixed inside 
said case to face said yoke; 
at least one circular race (150) which is inte- 
grally formed with said case to be concentric 
and adjacent to each other and rotates around 
the center of rotation of said rotation shaft; 
a mobile unit (170) located inside each of said 
races to be capable of moving; and 
a cover member (160) which is coupled to an 
opening of said race for sealing the inner space 
of said race. 



33. An apparatus incorporating a self-compensating 
dynamic balancer, as claimed in any of claims 25 or 
26, claims 28, 29 or 30, or claim 32, wherein said 
placing member (210) and said cover member 

s (260), or said clamper main body (210) and said 
cover member (360) or said case (121) and said 
cover member (160), respectively, are formed of a 
non-magnetic material in order to avoid being influ- 
enced by a magnetic force. 

70 

34. An apparatus incorporating a seif-compensating 
dynamic balancer, as claimed in any of claims 25 or 
26, claims 28, 29 or 30, or claim 32, wherein said 
placing member (210) and said cover member 

15 (260), or said clamper main body (210) and said 
cover member (360) or said case (121) and said 
cover member (160), respectively, are formed of a 
substance selected from the group consisting of 
tungsten carbide (WC), beryllium steel (CuBe), 

20 Hastelloy C-276, silicon nitride (Si 3 N 4 ) t zirconia 
(2r0 2 ) ; brass, aluminum, austenite-series steel 
YHD50, a non-magnetic metal such as SUS300, 
SUS304 and SUS316, ceramic and a synthetic res- 
in. 

25 

35. An apparatus incorporating a self-compensating 
dynamic balancer, as claimed in any of claims 25 or 
26, claims 28, 29 or 30, or claim 32, wherein said 
placing member (210) and said cover member 

30 (260), or said clamper main body (210) and said 
cover member (360) or said case (121) and said 
cover member (160), respectively are formed of a 
non-oxidizing substance which does not corrode. 

35 36. An apparatus incorporating a self-compensating 
dynamic balancer, as claimed in any of claims 25 or 
26, claims 28, 29 or 30, or claim 32, wherein said 
placing member (210) and said cover member 
(260), or said clamper main body (210) and said 

40 cover member (360) or said case (121) and said 
cover member (160), respectively, are formed of a 
substance selected from the group consisting of 
SUS300, ceramic and a synthetic resin. 

45 37, An apparatus incorporating a self-compensating 
dynamic balancer, as claimed in any of claims 25 or 
26, claims 28, 29 or 30, or claim 32, wherein in said 
placing member (210) and said cover member 
(260), or said clamper main body (210) and said 
so cover member (360) or said case (121) and said 
cover member (1 60), respectively, the surfaces fac- 
ing said rigid body are anti-oxidation coated. 

38. An apparatus as claimed in claim 37, wherein said 
55 anti -oxidation coating is formed of one selected 
from the group consisting of zinc and nickel-chro- 
mium plated over a base material of carbon steel or 
chromium steel. 
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39. A disk player comprising: 
a deck base (50); 

a deck plate (70) elastically coupled to said 
deck base (50); s 
a buffering member (60) interposed between 
said deck base and said deck plate for protect- 
ing said deck plate from external impacts; 
a spindle motor (100) arranged on said deck 
plate for providing a rotational force to a disk J0 

a turntable (200) arranged on a rotation shaft 
(1 30) of said spindle motor for accommodating 
the disk; 

a clamper (300) for holding the disk in place on is 
said turntable; 

an optical pickup (75) coupled to said deck 
plate and capable of moving across the disk; 
and 

a self-compensating dynamic balancer (400) 20 
coupled to at least one among members 
(100,200,300) which are rotated by the rota- 
tional force provided by said spindle motor, the 
center of gravity thereof being located opposite 
to that of said disk (1 ) with respect to the rota- 25 
tion shaft (1 30) of said spindle motor by the cen- 
trifugal force generated during rotation of said 
disk (1). 

30 
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